Following the suggestion of Bachas, Fabre and Yanagida (BFY), we analyze the gauge coupling unification at the two-loop order, in a supersymmetric scenario where scalars belonging to the adjoint representations contribute to the evolution of the couplings from intermediate scales onward, and the unification scale is pushed towards the string scale. Thereafter, we compare the masses of these adjoint scalars to the scale at which the hidden sector gauge coupling reaches the non-perturbative limit at the two-loop order for various possible hidden sector gauge groups motivated by the the conjecture of BFY that the masses of these adjoint scalars are related to gaugino condensation. We also compute the predictions for the top and bottom quark masses in this scenario and compare them with those of MSSM. The predicted bottom mass improves in the BFY scenario for smaller values of α s .
Model (MSSM) degrees of freedom contributes to the evolution of the gauge couplings. However, if the field theory of MSSM is a low energy remnant of the string theory, there exists a noteworthy discrepancy. This field theoretic unification scale is different from the scale of the string theory, M String , which is fixed by the intrinsic scale of the string theory, namely M P lank by the relation, M string = g string M P lank .
One loop string effects could lower this tree level value of the string scale somewhat, and one calculates [1, 2] that the string unification scale is modified to, M string = g string × 5.27 × 10 17 GeV ≃ 5.27 × 10 17 GeV,
where we have assumed g string = O(1). Consequently, the scale M string is higher than the scale M GU T by a factor of 20 approximately.
In the literature one finds several approaches to rectify the aforementioned difference between the string scale and the unification scale. There can be intermediate symmetry groups [3, 4] , which alter the running of the gauge couplings and likewise the unification occurs at the scale of M string . Non-standard hypercharge normalizations, which arise in various string models, can also accommodate the apparent mismatch between the string scale and the unification scale [5] . The heavy string threshold corrections from the string states [6] at the Plank scale or below have been used to reconcile the mismatch between the string scale and the unification scale. Non-standard exotic matter [7] has also been shown to serve the purpose.
The string models having a G × G structure, when broken to the diagonal subgroup, naturally contains adjoint scalars with zero hypercharge. Bachas, Fabre and Yanagida (BFY) have pointed out [9] that, if the mass of these zero-hypercharge adjoint scalars lie in the well motivated
susy ∼ 10 13 GeV, the unification scale is pushed up to the string scale at the one-loop level. In this paper we present a two-loop analysis of this scenario and find ranges of the masses of the SU(2) and SU(3) adjoint scalars, namely, M 2 and M 3 for the allowed range of α s (m Z ) [8] which gives rise to the gauge coupling unification at the scale M string . At the two-loop level there is also a mild variation of the unification scale to the ratio tan β = H 2 / H 1 , because at the two-loop level, the running of the gauge couplings are affected by the simultaneous running of the Yukawa couplings. The adjoint scalars have no Yukawa couplings with the ordinary Fermions and so we consider the effect of only the ordinary Yukawa couplings on the evolution of gauge couplings.
At the two-loop level the evolution of the gauge couplings are governed by the equation,
where, i,j=1,3; k=t,b,τ ; n d are the number of Higgs doublets, n f is the number of Fermion generations, t = ln µ and Θ(x) = 1, whenever x ≥ 0. Fixing the scale M X = M string we can find three quantities, from a system of three evolution equations, using as inputs the quantities α 1 (m Z ), susy . This is a striking coincidence, as noted by BFK. Now to check further, we will assume the unification of the gauge couplings of the hidden and observable sectors at the scale M string . Using the initial value of the observable sector coupling α G (M string ) we evolve the hidden gauge coupling backwards and search for the scale M C SU (3) SU (5) SO (10) (a) at which the hidden sector gauge coupling becomes non-perturbative. We have, for the simplicity, considered only matter-free gauge groups which are the subgroups of E 8 , eg, SU(2), SU(3), SU (5) or SO (10) . In Figure ( 1.a) we have compared the scale M C with M 2 and M 3 when G H is SU(3), SU(5) and SO (10) respectively. The condensation scale, when G H is SO (10) is large compared to the scales M 2 and M 3 . The choice SU(3) as the hidden group returns a closer value of M C to the scales M 3 and M 2 than if G H is chosen as SU (5). A comment about the results in two-loop calculation is in order. Consider the case when G H is SU (5) and M string = 2 × 10 17 GeV. In the one loop case the scale M C is 10 13.5 GeV but at the two-loop case this scale becomes 10 15.2 GeV.
Hence, the two-loop calculation shows a departure from the one-loop expectation and brings M C closer to the intermediate scales M 2 and M 3 when the hidden group is SU(3). This can be seen in Figure ( group from M X ≃ 2 × 10 16 GeV up to M string .
Before we conclude, we give some results of a two-loop Yukawa coupling analysis of this model.
The relevant beta function coefficients are summarized in Ref [4] . The Top quark mass is determined from the quasi-infrared fixed point of the top quark Yukawa coupling [11] . (3) 3 M C = 10 13.0 (10 11.0 ) M C = 10 13.7 (10 11.7 ) M C = 10 13.8 (10 11.9 ) SU (5) compared the present case with that of MSSM in Figure ( in the range 2 − 7 × 10 17 GeV. In MSSM the unification occurs for only a narrow region in the α s space, whereas, the presence of adjoint moduli opens up the parameter space further and as an welcome result unification occurs for a larger range in α s . This fact is reflected in Figure ( 3) where the prediction of the top and bottom quark masses are displayed as narrow lines, whereas in the present case with adjoint moduli the predictions are wide bands. The bottom quark mass can be within the experimental range for lower values of α s , for which the prediction in the MSSM case is unavailable due to the absence of gauge coupling unification and hence b-τ unification. In Table   2 we have compared the predictions of m Table 1 . Taking the gauge coupling α H for the hidden sector group G H , to be equal to the unification coupling at the scale M string , we have evolved back this value to the scale M C , where α H becomes non-perturbative at the two-loop order, for different choices of the hidden (matter free) group G H . The two-loop running of the hidden sector is called for, because the scale M C differs from the one-loop expectation (shown inside brakets in Table-1 ) by more than one order of magnitude. When G H is SU (3) or SU (5) 
